Gray foxes are successful habitat generalists within the temperate zone of their geographic range, exploiting a wide variety of habitats, including human-dominated landscapes. However, little is known of their use of tropical habitats or their ability to exploit landscapes with human activity. Here, we report the first study to explore the ecology and behavior of gray foxes within the tropics. Extensive camera-trap data (23,598 trap nights) across two different landscapes in Belize, combined with telemetry data on three collared individuals, showed a preference for more open and drier habitats over tropical moist broadleaf forest which is the dominant habitat type in the region. Although foxes did not use the interior of the broadleaf forests, they were detected at the edges and readily exploited areas that had been converted to support human activities (e.g., tourist centers). Home ranges of collared individuals were relatively large (3-7 km 2 ) compared to those of temperate gray foxes, suggesting that they occupy a less productive landscape than those studied further north. This study found that although tropical gray foxes readily exploited human-altered landscapes, just as they do in the temperate zone, they are not the habitat generalists as previously thought and seem unable to fully exploit tropical moist broadleaf forest, the regions' most dominant and productive habitat type.
Introduction
Human-dominated landscapes are increasingly influencing wildlife population dynamics, either as living spaces or corridors connecting populations (Athreya et al. 2013; Chapron et al. 2014) . Some species thrive in human-altered landscapes, profiting from high-yield food production, while others are unable to adapt to a changing environment (McKinney and Lockwood 1999) , leading to shifts in species community structure (Kark et al. 2006; Ritchie and Johnson 2009) . Canids are considered particularly resilient to anthropogenic change. We studied gray foxes (Urocyon cinereoargenteus), a highly adaptable species, ranging from southern Canada to northern Colombia, and the only canid with its natural range occurring in both North and South America (Hunter 2011) . Gray foxes thrive in both the natural as well as the humandominated landscapes of North America (Harrison 1997; Rountree 2004; Kapfer and Kirk 2012; Nogeire et al. 2013; Deuel et al. 2017a; Lombardi et al. 2017) , making them a versatile and adaptable species. Further south, they have been detected in sugarcane and coffee plantations in Mexico and upland pine forest in Belize, but generally little is known about their ecology in broadleaf forest or their adaptability to human activities in the tropics (Davis et al. 2010; Gallina et al. 2016) .
In the Northern parts of their range, gray foxes have a wide dietary breadth, including rodents, fruit, plants, arthropods, and birds, adapting their omnivorous diet to local availability (Harrison 1997) . Further south, in the tropical parts of their range, we expected this opportunistic feeding behavior to be reflected in a similarly wide dietary niche, using a broad range of habitats (habitat generalist). The small home ranges of temperate gray foxes, of 0.6 to 6 km 2 (median~2 km 2 ) suggest that they inhabit relatively stable, food-rich environments (Fuller 1978; Haroldson and Fritzell 1984; Harrison 1997; Chamberlain and Leopold 2000; Riley 2006; Deuel et al. 2017b) . Given the climatic stability and rich diversity of potential prey in the Neotropics, we expected home ranges of neotropical gray foxes to be comparatively smaller than those recorded in the temperate north. Such variation may already be reflected in the variation in body size across their range, weighing 3-7 kg in the northern temperate zone (Fuller and Cypher 2004) but just 1.8-3.5 kg, in the tropical south (Reid 1997) .
Sociality in temperate gray foxes has only been noted within the context of older siblings assisting mated pairs with the rearing of pups; they are generally considered solitary in other activities such as traveling and foraging (Chamberlain and Leopold 2000; Deuel et al. 2017b) . Potentially, roads could function as an attractive food source, providing garbage and road kill carcasses for scavenging. Indeed, in the northern part of their range, gray foxes do not seem to avoid road systems, and they are a major cause of fox mortality (Deuel et al. 2017a; Temple et al. 2010; Riley 2006) . Concentrated food sources, such as garbage around villages, eco-lodges and road verges are common throughout Belize and could attract multiple foxes. If sociality of foxes were flexible, we might expect aggregation of foxes around such high-yield food sites. Such toleration of conspecifics has not been recorded or wellstudied in temperate gray foxes.
In the northern extent of their range, up to 92% of gray fox mortality is attributed to predation by coyotes (Canis latrans Farias et al. 2005) . As such, they tend to avoid edge and more open habitats with high densities of these larger canids and adopt nocturnal activity patterns to avoid the diurnal coyote (Fedriani et al. 2000; Wang et al. 2015) . Coyotes have only recently started expanding their range into Belize. Our study took place when coyotes were still rare in Belize, occasionally detected in the north and west, but [largely] absent from central and southern Belize (unpublished camera-trap and interview data Foster and Harmsen) . The two top predators of the Neotropics, jaguars, and pumas are not known to prey on gray foxes in Belize (Foster et al. 2010; Figueroa 2013) . With coyotes still lacking, we therefore expected that tropical gray foxes would have a more diurnal activity pattern than temperate foxes, and habitat selection and distribution of the species would not be limited by the presence of sympatric predators.
In this first study of neotropical gray foxes, we studied ranging behavior, habitat use, activity patterns, sociality, and diet of tropical gray foxes in Belize, Central America, and compared results with those from the temperate zone. We expected such a generalist species to thrive across the climatically more stable tropical habitats, within a landscape lacking coyotes. We studied gray foxes within two distinct landscapes: (1) protected tropical broadleaf forest and (2) a mosaic landscape comprising human development (agriculture, settlements), savannah, and tropical broadleaf forest. We used camera-trap data from both landscapes, and VHF telemetry data from the mosaic landscape. This study is the first to provide an overview of the similarities and differences between temperate and tropical gray foxes.
Methods

Study areas
The Central Belize Corridor (CBC, 17°21′N, 88°32′W) is a 750-km 2 mosaic landscape of poorly drained secondary deciduous broadleaf forest, interspersed with lowland savannah and pine forest (Pinus caribaea), agriculture (livestock, rice, corn, and citrus plantations), nine settlements and single house dwellings, the national zoo, and an eco-lodge. Human population density is approximately 5 people per km 2 . The area is bisected by a two-lane highway with similar pine savannah habitat on either side extending to the tarmac. The highway has no barriers to crossing and is at the same elevation as the surrounding habitat. In October 2010, the area was hit by category-2 hurricane BRichard,^which severely damaged the forest structure and the resulting dead wood fueled forest fires during the following dry season (Feb-May 2011, personal observation Harmsen, Foster, Figueroa; Meerman 2011) .
The Cockscomb Basin Wildlife Sanctuary (CBWS, 16°47′ N, 88°36′W) is a protected area of secondary broadleaf moist tropical forest at an advanced stage of succession. The CBWS lies at the eastern edge of the Maya Mountain Massif, a 5000-km 2 area of contiguous forest . The area was heavily logged until the 1980s and declared a wildlife sanctuary of 425 km 2 in 1990. The former logging roads and more recently tourist footpaths provide a system of established trails. There is a single vehicle dirt road for entry into the sanctuary with a visitor center where tourists can stay overnight, cook, and have picnics.
Camera trapping
We investigated fox behavior using camera-trap photographs of foxes obtained from trail-based camera-trap surveys designed to monitor jaguars in the two study sites (Fig. 1) . As gray foxes use trail systems (Davis et al. 2010; Harmsen and Foster unpublished data) , the camera locations were suitable for detecting foxes, if present. We investigated activity patterns and broad patterns in habitat use, diet, and sociality.
In the CBC, we monitored 67 camera stations deployed consecutively across three distinct surveys (21, 20, 26 camera stations, respectively). We conducted these three surveys Habitat preference We overlaid the camera grids (CBC and CBWS) with habitat layers in four broad categories: broadleaf forest, savannah, agriculture, and settlements, using Meerman's ecosystem classification map (Meerman and Clabaugh 2017) . Previous studies have shown that gray foxes have high capture probabilities on trail systems when present (Davis et al. 2010; Harmsen and Foster unpublished data) . We therefore assumed that detection rates were a reasonable measure of habitat preference without having to correct for detection probability. For each habitat type, we calculated the number of locations where foxes were detected and frequency of fox detections, corrected for trap effort per location (#detec-tions/number of trap nights). We used chi-square to test if the distribution of fox detections differed from the camera distribution across the three habitats (broadleaf forest, savannah, and agriculture).
The cameras within the CBC grid were regularly spaced at relatively equal distance (~2 km apart), allowing us to use the distribution of detections as a species utility distribution. We calculated 50 and 95% kernel distributions to represent the species utility distribution across the landscape, using Geospatial Modeling Environment (GME, Beyer 2012) kde function (SCV bandwidth, cell size 10). As we were unable to individually recognize foxes, we only used one detection per camera location within a 24-h period to ensure time independence of events.
Spatial response to hurricane
We assessed the utility distribution across the CBC landscape in 2009 and 2011, before and after hurricane Richard, using the 95% kernel distributions based on detection rates per camera location, and tested for a difference in spatial distribution using the utilization distribution overlap index (UDOI, Fieberg and Kochanny 2005) . The UDOI was estimated with the R package adehabitatHR (Calenge 2006) . The UDOI index ranges between 0 (no overlap of home ranges) and 1 (complete uniform overlap of home ranges). The UDOI index can be > 1 if the utilization distribution is non-uniform with a high degree of overlap between individuals.
Activity patterns We investigated the daily activity pattern of foxes, using the time stamps of camera detections of foxes in CBC and CBWS and assuming that the temporal distribution of fox detections on camera represented their 24-h activity pattern. For multiple detections at the same location within the same hour, we used the median time event. We used the R package Boverlap^to create a smoothed kernel density distribution of the daily activity pattern, based on the camera-trap time stamps of fox detections for each study site (Ridout and Linkie 2009; Meredith and Ridout 2018) . The level of temporal overlap between the sites was estimated using the coefficient of overlap (Dha) between the two populations (Ridout and Linkie 2009; Meredith and Ridout 2018) . A Dha value of 0 indicates no overlap, and a value of 1 indicates identical activity patterns. We estimated the precision of the coefficient of overlap by bootstrapping with 999 simulations (Meredith and Ridout 2018) .
Diet Both sexes are known to be involved in rearing of cubs, bringing back whole food items to den sites (Chamberlain and Leopold 2000; Deuel et al. 2017b) . We therefore noted any photo detections showing foxes carrying food items in their mouths and identified vertebrate prey items as far as the image resolution would allow.
Social behavior
We assessed how frequently foxes travel or forage together versus alone, from photos of association: two individuals in a single frame, or successive detections of individuals within 15 min, moving in the same direction. We only used data from rapid-fire camera traps with infra-red flash for this analysis, to ensure that individuals were not missed due to the delay between consecutive triggers or flash recharge.
Live-trapping and telemetry
We live-trapped and collared foxes as part of a larger study of mammals in Central Belize. For details of trapping and handling, see Gutierrez et al. (2017) . We anesthetized foxes by hand injection through the bars of the cage traps, using a combination of ketamine (dosage 20 mg/kg; concentration 100 mg/ml) and acepromazine (dosage 0.2 mg/kg; concentration 25 mg/ml). Body conditions was assessed by the lead author only, using a five-point scale, ranging from a score of 1 for bone structure visible along spin and pelvis, to a score of 5 for good fat distribution across body. We assessed ectoparasite loads by visual inspection of the pelt, and parasites were counted and removed for further analyses (ticks, lice, and fleas; Lopes et al. 2016) . We fitted three adult foxes (two females and one male) with VHF radio-collars (Telonics MOD080) and released a fourth male without collar due to a canine bite-wound to its neck. We tracked the foxes between June 2011 and May 2012 through triangulation using simultaneous bearings taken by a minimum of three observers at intervals of ≥ 15 min for up to 5 h. We fixed their locations using LOAS 4.0, discarding locations with error ellipses in excess of 100 ha or bearings with a difference < 10°.
Independence of fixes To estimate temporal independence between fixes, we estimated the average time it would take each fox to travel between its two most widely spaced fixes, assuming this was a good estimate of the maximum distance it would travel (maximum detected distance; MDD). We used the GME movement.pathmetrics tool to calculate the step length and time between fixes, and thereby estimated the average speed of travel for each fox (μS), including only fixes ≤ 1 h apart to estimate the distribution of walking speeds between fixes. Using time = MDD/μS, we estimated the average time it would take each fox to travel across its home range. We assumed that fixes were independent if the time interval between them was greater than or equal to MDD/μS in time. Time independence varied between the three foxes (female F1 ≥ 5.4 h, female F2 ≥ 8.8 h, and male M1 ≥ 17.6 h). On the basis of these times, we considered fixes independent at a separation ≥ 17.6 h, and as a conservative measure, we used 24-h periods.
Home range and overlap We estimated home ranges, using GME (GME, Beyer 2012), for estimation of 100% minimum convex polygons (MCP) using the genMCP function and the 50 and 95% kernel ranges using the kde function (SCV bandwidth, cell size 10). For the kernel ranges, we only used independent fixes, randomly chosen from clusters of fixes that were too close in time to be considered independent (24 h, see previous section).
We estimated the overlap between foxes for 100% MCPs using the intersect tool in ArcMap GIS 10.1 and for the 95% kernels using the UDOI index (Fieberg and Kochanny 2005) with adehabitatHR R package (Calenge 2006) .
Attraction and avoidance of roads We assessed whether the highway acted as a barrier (due to traffic) or an attractant (due to road kill carrion and garbage), by comparing the roadcrossing frequency of each fox against the crossing frequency of randomly generated movements based on similar step lengths and number of steps. For each fox, we recorded the frequency of road crossings during each tracking session with > 3 fixes (mean 7.8 fixes; range 4-19), and then simulated 200 randomly generated moves, with the same number of sessions, number of steps, and step lengths, using the GME, movement.simplecrw tool. We set the start location in each simulation as the first location of detection of the fox. We selected turn angle between steps randomly from a distribution between − 180°and 180°and confined the random walks to remain inside the 100% MCP of each individual. We used ArcMap GIS 10.1 to establish how many of the 200 iterations per session included road crossings and the frequency of crossings per session per iteration. For each collared fox, we generated frequency distributions of random highway crossings for 200 simulated foxes, covering the same number of tracking days with similar step lengths as the collared foxes. If the number of detected crossings of the collared foxes fell close to the median of the random distribution, then we could conclude that foxes cross the road randomly, if the observed number fell at the higher or the lower tail of the random distribution, we would conclude that the foxes were either attracted to or avoided the road, respectively. We measured this at two levels: (1) frequency of tracking sessions that included at least one crossing and (2) frequency of crossings, including multiple crossings within a single tracking session. In this manner, we could differentiate between crossing decisions at the macro-level (whether crossing on a given day was random) and the micro-level (whether the frequency of crossings on a given day was random).
Habitat preferences of collared individuals We defined the total study area as the area covered by the 100% MCP of all data points of the three collared foxes combined and calculated the area of each habitat present within it, using Meerman's ecosystem classification map (Meerman and Clabaugh 2017) . We described the second-and third-order habitat preferences per fox only, as first-order habitat selection concerns habitat selection at the total species distribution range (Johnson 1980) . Second-order habitat selection concerns the choice of home range location within a wider landscape, described as % of habitat X in home range/% of habitat X available in total study area (% Ind. km 2 /% total km 2 ; Johnson 1980). Thirdorder habitat selection concerns the utility distribution of tracking points within the home range itself, calculated as % tracking points falling in habitat/% habitat in home range (% points/% Ind. km 2 ; Johnson 1980). We assumed opportunistic use of habitat for ratios close to unity, habitat preference for ratios > 1, and avoidance for ratios < 1. Due to the small sample size of collared foxes, we did not conduct an overall analysis of habitat preference (e.g., compositional analysis of habitat use; Aebischer et al. 1993 ). All statistical analyses were performed using R (R Core Team 2016).
Results
We obtained 130 independent detections of foxes in the protected broadleaf forest from 11,170 trap nights and 369 independent detections of foxes in the human-influenced mosaic landscape from 12,428 trap nights, equivalent to 1 fox and 3 foxes per 100 trap nights, respectively.
Habitat use Within the homogenous landscape of Cockscomb Basin Wildlife Sanctuary (CBWS), all detections of foxes were confined to the edges of the broadleaf forest. Of the 130 independent detections, 120 (92%) were from a single location on the unpaved entrance road leading to the sanctuary (7 km from the nearest village and 3 km from the Visitors' Center). The remaining 10 detections (0.1 foxes per 100 trap nights) were on the tourist trail system (at 2, 4 and 7 km from the Visitors' Center). We detected no foxes further into the sanctuary, despite having camera traps up to 21 km from the Visitors' Center (Fig. 2) . At the Visitors' Center, we frequently observed foxes visiting and foraging around the garbage and picnic areas and single female foxes with cubs. The 10 detections further into the forest were based on a single cluster of captures over 2.5 weeks. Based on the rarity of foxes traveling in this direction, these were potentially dispersing adolescent(s) or an exploratory event.
Within the human-influenced mosaic landscape of Central Belize, the detection rate of foxes increased following the hurricane, from 2 to 5 foxes/100 trap nights. However, we switched from using film camera traps to digital camera traps following the hurricane and this may have increased the detectability of foxes. The foxes were similarly distributed across the landscape before and after the hurricane (UDOI index of overlap = 0.93) and were mostly concentrated at camera-trap locations near the highway and unpaved roads, in savannah, agricultural lands, and the more open degraded habitats closer to human activity (Fig. 3a, b) . The distribution of fox detections did not differ detectably from the overall camera distribution across the three habitats (pre-and posthurricane combined dataset: χ 2 = 4.42, df = 3, p > 0.1). Prehurricane, we only detected foxes at two broadleaf forest locations > 1 km away from road, agriculture, or savannah (max. 1.5 km). Post-hurricane, this increased to three broadleaf forest locations, up to 2.7 km from road, agriculture, or savannah. Post-hurricane, foxes penetrated further into the broadleaf forest in the north, where post-hurricane fires, originating from the road verges, had been more extreme than elsewhere in the study area, creating more open habitat (Fig.  3a, b) . Additionally, the proportion of detections in savannah increased post-hurricane compared to pre-hurricane levels (Table 1) .
Activity patterns In both landscapes, foxes were active throughout the day with a peak of activity in the early part of the night between 18:00 and 22:00 and a resting period around 17:00 (Fig. 4) . The overlap in activity patterns between the sites was high with a Dha value of 0.84 (CI 0.79-0.89).
Diet Across the two landscapes, we obtained 32 photo events of foxes carrying identifiable food items. Two photos showed foxes carrying two different prey items, creating a total of 34 prey events. The majority of events (27) were from the unpaved road at the entrance of the protected broadleaf forest, and the other seven events were from an unpaved logging road neighboring agricultural fields in Central Belize. Small rodents made up approximately 50% of the prey items; the remainder comprised opossums, lizards, birds, frogs, fruit, and garbage (Table 2 ).
All incidents of foxes carrying garbage were detected at the entrance of the protected forest; presumably, the foxes were scavenging from the garbage site of the Visitors' Center. Additionally, at this location, one fox was detected carrying two prey items that resembled Norway rats (Rattus norvegicus). In contrast, rodents carried by foxes on the logging road neighboring agricultural fields in Central Belize appeared to be hispid cotton rats (Sigmodon hispidus, see Fig. 5 ).
In four events, foxes carried two rodents of the same species, potentially dug from a single nest. In one event, a fox carried two cotton rats and a frog, suggesting that while transporting the prey, the fox opportunistically added to its quarry (Fig. 5) .
Social behavior Of the 130 independent detections of foxes in the protected broadleaf forest of CBWS, we detected no individuals traveling together; however, the digital camera traps used here have a white-flash, requiring a delay of 8 s between consecutive photographic triggers while the flash recharges. As such, we may have missed detections of foxes following behind each other.
Of the 277 independent detections of foxes by infra-red flash, fast-trigger digital camera traps in the humaninfluenced mosaic landscape of Central Belize, only two showed evidence of individuals moving in a pair.
Ranging behavior and habitat preferences in a humaninfluenced mosaic landscape We collared and tracked three adult foxes, two females and one male (Table 3) , over a period of 267 days, yielding respectively 111, 180, and 211 reliable locations. We subsampled these to respectively 19, 32, and 44 time-independent locations. All foxes were in good body condition and had few ecto-parasites.
The estimated range sizes of M1 and F2 reached asymptotes after 89 and 92 days, respectively (Fig. 6) . We therefore considered the tracking time for these two individuals sufficient to delineate their total home range use. The cumulative area for F1 did not reach an asymptote after 104 days, suggesting that home range size was underestimated for this individual.
The male range (MCP) was larger than those of the two females and showed minimal to no overlap with either female (Table 4) . There was considerable overlap in MCP between the two females along the road but minimal overlap in utility distribution (Fig. 7, Table 4 ). Agriculture 5 (7) 1 (4) 2 (2) 1 (4) 6 (2) Savannah 7 (10) 5 (23) 14 (15) 5 (21) 76 (27) Broadleaf 55 (82) 16 (73) 75 (82) 18 (75) 196 (71) T o t a l 6 7 2 2 9 1 2 4 2 7 8 The core home ranges of both females lay in close proximity without overlapping (Fig. 7) . The 95% kernel distribution of the male overlapped with the edge of the zoo (small node), while the core distribution (50% kernel) of one female (F2) overlapped with a garbage site at the Eco-Lodge.
The ranges of both females spanned the highway; in contrast, we only detected the male on one side, despite it living in close proximity to the highway (Fig. 7) . Both females crossed the highway on fewer days than expected from random movement (Fig. 8) . The total number of crossing events was close to random for F1 and below random for F2 (Fig. 8) .
Over half, the available habitat for all three foxes consisted of poorly drained deciduous broadleaf forest (55%), with open savannah making up a large proportion of the remainder (30%, Table 5 ).
None of the foxes maintained a home range based on the random availability of habitat type in the study area (Table 5) . Both female foxes showed strong preference for dense savannah for second-order home range habitat selection (R 1 ≥ 2.33), avoiding open savannah habitat (R 1 ≤ 0.8), and either using broadleaf forest roughly to availability (F1 with R 1 = 0.93) or avoiding it (F2 with R 1 = 0.62). The male showed a reverse pattern, with strong avoidance of dense savannah (R 1 = 0.25), limited avoidance of broadleaf forest (R 1 = 0.78), and preference for open savannah (R 1 = 1.80). The preferences for closed habitats by females and more open habitat by the male were exemplified by the third-order comparison but to a lesser extent compared to the secondorder habitat selection (Table 5) . F1 seemed to prefer dense savannah areas within her range (R 2 = 1.36), while F2 showed a preference for cover within a small patch of deciduous forest in her range (R 2 = 1.47). F1 showed strong avoidance of open savannah (R 2 = 0.29), while F2 only showed mild avoidance (R 2 = 0.83). In contrast, the male fox preferred open savannah (R 2 = 1.30) and dense savannah (R 2 = 3.00) and avoided broadleaf forest (R 2 = 0.49).
Discussion
Our study demonstrates that tropical gray foxes are as flexible in their exploitation of human-influenced landscapes and resources as those inhabiting the temperate zone. However, our camera-trap data suggest that they are not habitat generalists in this region of the tropics, avoiding the interior of the dominant habitat, tropical moist broadleaf forest, sticking to the forest edge, and preferring the mosaic landscape of well-vegetated savannah, pine forest (Davis et al. 2010) , and agricultural lands (Gallina et al. 2016 ). Potentially, they readily colonize new areas if suitably transformed by human activity, exploiting rodents and food waste associated with human presence, as exemplified by the presence of foxes at the Visitors' Center within the tropical broadleaf forest of a large protected area where they were absent from the interior. Telemetry data indicated the use of broadleaf forest, but this was limited to the edges with no activity in the interior. Their resilience to environmental as well as human perturbations is exemplified by their good body condition and continued use of a human-influenced mosaic landscape following a Bcategory 2^hurricane and their exploitation of anthropogenic food sources. Tropical gray foxes are smaller compared to those inhabiting the temperate zone (McNab 2010), following Bergmann's rule for diminishing body size at lower latitudes (Bergmann 1874). Our four captured foxes were notably lighter than those recorded in North America or elsewhere in Central America (this study 1-2 kg; compared to 3-7 kg in North America, Fuller and Cypher 2004, 1.8-3 kg elsewhere in Central America, Reid 1997) . Variation in body size of mammals has been explained by variation in the availability of resources, with smaller sub-species living in areas with fewer or poorer resources (McNab 2010; Schiaffini 2016) . Table 2 Diet of gray foxes (Urocyon cinereoargenteus) in Belize based on photo detections of foxes with prey items in their mouth, at two study sites: Cockscomb Basin Wildlife Sanctuary (CBWS, protected broadleaf forest) and a human-influenced mosaic landscape in Central Belize; approximate prey sizes are shown where possible; N = 34 prey items, foxes were detected carrying > 1 prey items in 4 photos (3 Central Belize, 1 CBWS)
Prey
Number of prey items, N (%)
CBWS
Central Belize Total
Cricetidae ( (100) 7 (100) 34 (100) In the case of gray foxes, this may suggest that the tropics do not provide a more prey-rich and stable environment for this omnivorous carnivore, compared to the temperate northern Americas. Alternatively, physical and behavioral constraints may prevent gray foxes from exploiting the more stable and potentially prey-rich patches. For example, they might be unable to exploit the many water-rich environments of the tropics, confining them to drier areas that tend also to contain human habitations. The larger home ranges of our three collared foxes, compared to foxes in the temperate zone (4-6 km 2 , this study; 0.6-6 km 2 , Fuller 1978; Haroldson and Fritzell 1984; Harrison 1997; Chamberlain and Leopold 2000; Riley 2006; Deuel et al. 2017b) , also suggests that resources may be poorer or more widely dispersed in our tropical study area. Given the low sample size of fixes and relatively short tracking periods in our study, total range sizes might be larger than those reported in this study. Larger home ranges mean that individuals search further afield to fulfill their nutritional needs, indicating that food resources are sparser and/or food items are of a lower nutritive quality. The savannah, which was used by all three collared foxes, can be considered seasonally variable with periods of extreme drought and flooding compared to the more seasonally stable and potentially more productive broadleaf forest. A home range telemetry study of the herbivorous paca (Cuniculus paca) by the authors in the same area measured the largest home range sizes ever detected for the species, ranging widely in order to exploit area patchy and seasonal resources . Overall, we explain the relatively small body sizes and large home ranges of foxes in our study by extreme seasonal variation in habitat suitability and lower availability of resources overall, compared with the temperate zones. For example, O' Connell (1989) found higher year-round variation of rodent populations in seasonally flooded savannah areas of Venezuela, compared to higher densities and more stable population structures of the neighboring high-ground non-flooded forests.
In the absence of data on gray fox population size, we cannot compare the densities of tropical versus temperate gray foxes. However, the larger ranges of tropical gray foxes compared to those in the temperate zone suggest that the tropical foxes exist at lower density or have more extensive range overlap than temperate foxes. Our three collared foxes provided limited data on range overlap, but none showed any sign of association. Sociality in temperate gray foxes has only been noted within the context of older siblings assisting mated pairs with the rearing of pups; they are generally considered solitary in other activities such as traveling and foraging (Chamberlain and Leopold 2000; Deuel et al. 2017b) . Even though foxes exploited the open and easily available garbage disposal sites near highways and tourist facilities, we did not detect foxes congregating around these high-yield food sites. It is unlikely that fox density may be so low that there is no potential for aggregations to form at these sites; our camera traps detected collared and un-collared foxes near the garbage sites; however, they were never detected simultaneously or even close together in time.
Apart from exploitation of garbage, our limited data revealed an opportunistic diet of tropical gray foxes, with at least six different natural food items, associated with 34 successful food gathering events. The unique habit of foxes carrying food to pups at den sites, likely increased our sample size compared to other carnivore species detected on camera traps. Camera trap data clearly has a limited scope as a method for describing the diet of a species. It will likely be biased towards larger, visible species and underrepresent small invertebrates and plant species, which are likely highly prolific in tropic environments. Nevertheless, we detected rodents, birds. and plants in the diet of tropical gray foxes, in accordance with the diet of temperate Fig. 7 The minimum convex polygon, 95 and 50% kernel ranges for three gray foxes (Urocyon cinereoargenteus), radio-tracked in Central Belize between June 2011 and May 2012; one male (M1) and two females (F1 and F2) gray foxes (Harrison 1997) ; we also noted frogs and lizards, a logical expansion of the diet given their higher diversity and abundance in the wetter and warmer tropical environments.
Our data indicated that a large part of the diet of foxes might consist of rodents. The transition zone between savannah and broadleaf forest may be suboptimal habitat for rodents, in which case the foxes must range widely to satisfy their energetic needs. It is therefore puzzling that foxes seem to be absent from the broadleaf forest interior, the most productive and seasonally stable habitat in the area. Potentially, gray foxes are absent from these areas, to avoid jaguars, pumas, and ocelots for whom broadleaf forest forms the core of their habitat. Although gray foxes were not noted in the diet of jaguars or pumas in either study area (Foster et al. 2010; Figueroa 2013) , predation pressure historically might have excluded them from the tropical forests. A more detailed study is required regarding the habitat distribution and dietary variation of gray foxes within the tropical region of the species, and the reasons for their absence from productive interiors of tropical forests. Within Belize, gray foxes had similar activity patterns across the two landscapes, active throughout the day and night, with a peak between 19:00 and 22:00 in the evening. Temperate gray foxes also increase activity after 19:00 (Harrison 1997; Wang et al. 2015) , and these peaks might be associated with a general avoidance of people in a humandominated landscape. However, gray foxes in temperate regions are less active during the day compared to the tropical gray foxes in our study, potentially avoiding coyotes which are generally diurnal and account for up to 92% of gray fox mortality in areas of coexistence (Farias et al. 2005; Wang et al. 2015) . We only detected a coyote once at the end of our study period, after the hurricane, on a camera trap in the mosaic landscape of central Belize. Coyotes are becoming more common across the human-influenced landscapes of Belize, as forest is being cleared for agriculture (Foster and Harmsen, unpubl. data) . We may subsequently expect the activity patterns of gray foxes to shift in response to the increasing presence of this predator. In our study areas, predator avoidance may explain why gray foxes avoided villages with an abundance of anthropogenic food, but also many freeranging domestic dogs, compared to their relatively high activity around tourist resorts (eco-lodge, zoo, sanctuary Visitors' Center) from which dogs were excluded but anthropogenic food sources were equally common and accessible (picnic tables, garbage dumps, tourist kitchen facilities etc.).
In the temperate zone, gray foxes are frequently detected around road systems but are not necessarily attracted to roads (Deuel et al. 2017a; Temple et al. 2010; Riley 2006) . Likewise in this study, of the three collared foxes, only the ranges of the two females spanned the highway. Crossing frequencies did not exceed random expectation, showing avoidance of the road compared to random movement. Despite ranging close to the highway, the male never crossed it. This suggests that tropical foxes are not using the highway as a resource but rather a feature that is mostly avoided. During the 1-year tracking period, we opportunistically found two (non-collared) road-kill foxes along the~5 km of highway in our telemetry study area, suggesting that road traffic accidents may contribute significantly to mortality in this fox population.
Our study has shown that in Belize, gray foxes occupy the mosaic landscapes of villages, agriculture, pine savannah, and the edges of broadleaf forests. While many neotropical terrestrial mammals are threatened by forest clearance (Daily et al. 2003) , foxes readily use human-influenced edge habitats and may be expected to flourish in areas of small-scale clearing for agricultural development in the absence of predators. However, large-scale habitat degradation is associated with the exploitative range expansion of coyotes, which, combined with uncontrolled stray dog populations around villages, could pose substantial predation risk to gray foxes in these landscapes.
